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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave filter with which 
a balance type surface acoustic wave filter having reliability to power and smooth 
pass characteristics in a passband is obtained. 

SOLUTION: This acoustic wave filter S is formed by connecting a lattice type 
circuit 3 that connects surface acoustic wave resonators consisting of plural IDT 
(comb-shaped) electrodes with one another in a symmetrical lattice shape or a 
ladder type circuit which connects surface acoustic wave resonators comprising 




plural IDT electrodes in a ladder shape to the input or output side of an IIDT 
multi-electrode 2 which alternately provides plural IDT electrodes 2a for input and 
plural IDT electrodes 2b for output side by side. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave filter which connects and grows into the 
input or output side of an IIDT electrode which installed two or more IDT 
electrodes for an input, and two or more IDT electrodes for an output by turns in 
the ladder mold circuit which connected the surface acoustic wave resonator 
which consists of the lattice mold circuit or two or more IDT electrodes which 
connected the surface acoustic wave resonators which consist of two or more 
IDT electrodes in the shape of a symmetry grid in the shape of a ladder. 
[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
the average lambda of the electrode pitch of said IDT electrode and relation with 
the electrode layer thickness h satisfying the following type. 
6.5% < - H/lambda < - 10.5% 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



r 

4 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a frequency band filter built in mobile 
wireless devices, such as a land mobile radiotelephone and a cellular phone, and 
relates to the surface acoustic wave filter of unbalance balance conversion. 
[0002] 

[Description of the Prior Art] the basic configuration of conventional surface 
acoustic wave (by Surface Acoustic Wave, it abbreviates to SAW hereafter) 
equipment - the ctenidium-like electrode (it is Inter Digital Transducer and they 
are the following and IDT it abbreviates to an electrode) of a pair - plurality or 
one - laying - IDT Are excited [ SAW ] from an electrode, a propagation path top 
- SAW It has the structure where the reflector for making it resonate efficiently is 
arranged. 

[0003] IDT An electrode and a reflector are 36degreeY. Cut X On the piezo- 
electric substrate which consists of a propagation lithium tantalate single crystal 
etc., they are aluminum and aluminum-Cu by vacuum deposition, a spatter, etc. 
A pattern is formed and it is produced so that electric conduction objects, such as 
an alloy, may serve as a detailed electrode by the photolithography method. 
[0004] They are many SAW(s) as electronic parts, such as frequency filters 
(henceforth a filter), such as a band-pass filter for electronic equipment which 
communicates by using an electric wave in recent years, the delay line, and a 
transmitter. A resonator and SAW The filter is used. Especially, in the mobile 
communications field, it is used abundantly as a filter of RF (Radio Frequency : 
radio frequency or high frequency) block of personal digital assistant equipments, 
such as a cellular phone, and (Intermediate Frequency: intermediate frequency) 
a block, and the request to the smooth passage property of a passband is strong. 
[0005] Moreover, it is SAW by the use components mark reduction for small and 
lightweight-izing of this mobile communication equipment etc., and low-cost-izing. 
Addition of a new function is demanded of the filter. SAW by which electrical 



connection of an unbalanced input-balanced output and a balanced input- 
unbalanced output is made at the balanced I/O edge of the mixer IC which 
performs a down convert and rise convert of the frequency of a carrier 
transmitting number to one of them A filter (the following and balanced type SAW 
it is called a filter) is desired. 

[0006] Moreover, in order to change, it doubles with this resistance, and the rated 
resistance by which termination is carried out at a balanced edge with said mixer 
IC is a balanced type SAW. It is necessary to design balanced end connection 
resistance of a filter. 

[0007] The conventional SAW Since it is the connection which can perform only 
an unbalanced input-unbalanced output in the case of a filter (see JP,05- 
183380,A), it is SAW. Balanced - unbalance converter called a balun between a 
filter and Mixer IC is minded. 

[0008] Moreover, the above-mentioned balanced type SAW As a filter, it is IDT to 
the propagation direction. IDT arranged in the electrode finger perpendicular It is 
two or the resonator mold SAW which three were put [ mold ] in order and made 
those both sides constitute said reflector about an electrode. Although a filter can 
also carry out balanced I/O correspondence At this resonator structure, it is SAW. 
In order that energy may be accumulated into a resonator and may produce 
especially the band-pass filter of RF block, IDT When the power which makes the 
pitch of the ctenidium of an electrode small and is impressed to RF block is 
applied, a filter shape may deteriorate by the migration of an electrode and it is 
the dependability top problem of components. 
[0009] 

[Problem(s) to be Solved by the Invention] In order to cancel the above- 
mentioned trouble, it is SAW first. Compound resonator mold SAW made to 
constitute using many resonators in order to distribute the power impressed to a 
filter Filter structure and balanced type SAW As a filter, it is IDT. It is necessary 
to compound the multi-electrode (for it to abbreviate to an I IDT electrode 
hereafter by Inter-degitated Inter Digital Transducer) which laid the electrode 



every other I/O, to constitute, and to distribute an electrical potential difference, 
and it necessary to raise power-proof nature. 

[0010] Moreover, an IIDT electrode is IDT. Wiring with aluminum wire and Au 
wire which much configurations of an electrode came out and were performed 
from the former for a certain reason is complicated, and area also with the great 
pad section which connects an IIDT electrode to this wire is required. 
[001 1] Therefore, this invention is reliable to power in view of the above- 
mentioned situation, the randomness of wire connection is canceled, and it aims 
at offering the surface acoustic wave filter which is the smooth passage property 
of a passband. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the surface acoustic wave filter of this invention connects and grows 
into the input or the output side of an IIDT electrode which installed two or more 
IDT electrodes for an input, and two or more IDT electrodes for an output by 
turns in the ladder mold circuit which connected the surface acoustic wave 
resonator which consists of the lattice mold circuit or two or more IDT electrodes 
which connected the surface acoustic wave resonators which consist of two or 
more IDT electrodes in the shape of a symmetry grid in the shape of a ladder. 
[0013] Moreover, the surface acoustic wave filter according to claim 1 
characterized by the average lambda of the electrode pitch of an IDT electrode 
and relation with the electrode layer thickness h satisfying the following type 
especially. 

[0014] 6.5% < - H/lambda < - 10.5% [0015] 

[Embodiment of the Invention] SAW concerning this invention The operation 
gestalt of a filter is explained to a detail based on a drawing. 
[0016] The electrode configuration of the surface acoustic wave filter S is shown 
in drawing 1 . It is IDT which 1 is a piezo-electric substrate, and 2 is an IIDT 
electrode (IDT electrode 2a for an input and the IDT electrode for an output 
install by turns, and change), and has arranged 3 to the skeleton pattern (lattice 
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mold circuit). It is an electrode. An input electrode of 4 is 4 and 5 is an earth 
electrode. RF electrical signal is added to this input electrode 4 and an earth 
electrode 5, and an electrical signal is added to the I IDT electrode 2 with the 
structure by which solid wiring was insulated and carried out with the insulating 
thin films 8, such as a silica, silicon nitride, and an alumina. 
[0017] here - drawing 1 -- it can set » A-A 1 - B-B - ' C-C - 1 a line - a . 
sectional view drawing 2 (a), (b), and (c) - respectively being shown . 
[0018] The above-mentioned input signal is IDT of the IIDT electrode 2. It is SAW 
with an electrode. It is changed and is IDT for an input. The both sides of an 
electrode to SAW It spreads and is sent to the electrode of the output side of the 
IIDT electrode 2. sent SAW - IDT for an output of the IIDT electrode 2 an 
electrode - SAW from - it is changed into an electrical signal. 
[0019] IDT which makes an output pair at this time The electrode finger of an 
electrode is SAW. Since it has a period for every half-wave length, the outputted 
electrical signal turns into a balanced signal. This balanced signal passes along 6 
by which solid wiring was carried out, and 7, and is IDT. It is inputted into 9 or 10 
electrodes used as the input of 3 which constituted the resonator of an electrode 
in the skeleton pattern. 

[0020] In the resonator which serves as near resonance frequency and a grid 
arm in the resonator from which the skeleton pattern circuit 3 constituted in the 
skeleton pattern serves as a serial arm, near antiresonant frequency serves as a 
passband. 

[0021] For this reason, 3 is made to carry out outline coincidence of the 
antiresonant frequency in the resonator which serves as resonance frequency 
and a grid arm in the resonator used as a serial arm. Thus, by the IIDT electrode 
and the skeleton pattern resonator configuration, it will have the conversion 
function and filtering function from an unbalance signal to a balanced signal. 
[0022] All over drawing, although the IIDT electrode is arranged to the input side 
and the skeleton pattern electrode was arranged to the output side, this may 
arrange an IIDT electrode to a reverse output side, and may arrange a skeleton 



pattern electrode to an input side. Moreover, it is IDT instead of a skeleton 
pattern. The electrode structure where the ladder mold (lattice mold circuit) was 
made to constitute an electrode may be arranged to an input side. 
[0023] As shown in drawing 5 , in order to make display flatness of the pass band 
of a filter good, it turned out that suitable electrode layer thickness exists. It is the 
value which deducted the maximum insertion loss from the minimum insertion 
loss of the area within passage, the deflection in a band of drawing shows the 
display flatness of a pass band, and if small, it can say that it is a good property. 
In the IIDT electrode, it turned out that the electrode layer thickness ratio (it is 
IDT about electrode layer thickness value broken by cycle length of an electrode) 
with the good deflection in a band is about 9% with about 9% and ladder 
structure, and is range where 10.5% is good from 6.5% with the structure of 
these compounded this inventions in about 7% and grids structure. 
[0024] In addition, it is 36degree**3degreeY as a piezo-electric substrate for 
SAW filters. Cut X A propagation lithium tantalate single crystal and 
42degree**3degreeY Cut X A propagation lithium tantalate single crystal and 

♦ 

64degree**3degreeY Cut X A propagation lithium niobate single crystal and 
41degree**3degreeY Cut X Since [ that an electromechanical coupling coefficient 
is large and ] a propagation lithium niobate single crystal and a 45-degreeX [ **3 
degree] cut Z propagation tetraboric-acid lithium single crystal have the small 
frequency temperature coefficient, they are desirable. 
[0025] Moreover, the thickness of a piezo-electric substrate has about 0.1-0.5 
goodmm, and by less than 0.1mm, a piezo-electric substrate cannot become 
weak, by 0.5mm **, ingredient cost and a components dimension become large 
and it cannot be used. 

[0026] Moreover, an IDT electrode and a reflector consist of aluminum or 
aluminum alloy (aluminum-Cu a system, aluminum-Ti system, etc.), and are 
vacuum deposition, the sputtering method, or CVD. It forms by the thin film 
forming methods, such as law. And IDT An electrode is about 30-200 pairs of 
logarithms, and IDT. An electrode pitch is 0.4 microns - about 20 microns, and 



crossover width of face (aperture width) is 10 microns - about 500 microns and 
IDT. Electrode thickness is suitable when considering as 0.1 microns - about 0.5 
microns acquires the property as an SAW filter. 

[0027] Moreover, SAW of this invention They are Si, Si02, SiN, and aluminum 
203 to the SAW propagation section on the electrode of a filter element, and a 
piezo-electric substrate. It may form as a protective coat and the energization 
prevention and the improvement in power-proof by the conductive foreign matter 
may be performed. 

[0028] It is not limited to the above-mentioned operation gestalt, and this 
invention is SAW. Not only a filter but SAW Being able to apply this invention to a 
duplexer, modification various in the range which does not deviate from the 
summary of this invention does not interfere at all. 
[0029] 

[Example] Arranging the resonator of the grid connection of an IIDT electrode 
mold with an output side to the input side, as shown in drawing 1 , these wiring 
performed the design which facilitated wiring with a wire according to 6 of 
drawing 1 R> 1 , and the structure of 7. 

[0030] The electrode line breadth of an IIDT electrode is 1.1 microns, and the line 
breadth of the IDT electrode of the serial arm resonator constituted by the 
skeleton pattern is 1.05 microns, and line breadth of the IDT electrode of a grid 
arm resonator was made into 1.1 microns. Moreover, electrode layer thickness is 
3200A and the average lambda of a total ctenidium-like electrode pitch and the 
ratio with the electrode layer thickness h of a ctenidium-like electrode could be 
7.4%. 

[0031] The concrete production approach is explained below. 
[0032] 42 degree Y cut X It produced by forming the circuit pattern which covers 
said structure and said resonator electrode detail on the piezo-electric substrate 
which consists of a propagation lithium tantalate single crystal. The resist was 
applied to the substrate washed first by about 1 -micron thickness, and BEKU 
was performed in nitrogen-gas-atmosphere mind. 



[0033] Next, ultraviolet rays (Deep-UV) They are much SAW(s) on a substrate by 
the photolithography method by the used adhesion exposure machine. The 
negative pattern of the resist of a filter was formed. At this time, the photo mask 
used the thing with a thickness of 0.25 inches. Next, aluminum was formed with 
the electron-beam-evaporation machine on the negative pattern. 
[0034] Then, lift off of the unnecessary aluminum is carried out in resist 
exfoliation liquid, and it is IDT. Detailed circuit patterns, such as an electrode, 
were produced. Then, IDT The electrode was connected to the network analyzer 
and the frequency characteristics of an insertion loss were measured. 
Consequently, as shown in drawing 4 , the deflection in a band is 1.2dB. The 
good property was able to be acquired. The filter shape in the usual I IDT 
electrode structure is shown in drawing 3 for a comparison. As shown in this 
drawing, with the usual IIDT electrode structure, the passage property (spurious) 
for which it does not ask near the pass band will appear, but according to this 
example, as shown in drawing 4 , spurious one was oppressed and the good 
property was acquired. 
[0035] 

[Effect of the Invention] Balanced type SAW which according to the surface 
acoustic wave filter of this invention it is reliable to power and can cancel the 
randomness of wire connection as explained in full detail above A filter is 
realizable, especially - the average lambda of the electrode pitch of an IDT 
electrode, and relation with the electrode layer thickness h of a ctenidium-like 
electrode -- 6.5% < - H/lambda < - Outstanding balanced type SAW which is 
the smooth passage property of a passband by designing so that it may become 
1 0.5% A filter can be offered. 

[0036] Furthermore, since a RF circuit can be balanced-circuit-ized, without using 
balanced - unbalance conversion circuit, reduction of components mark etc. is 
realized and the outstanding surface acoustic wave filter which can be 
miniaturized can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a top view explaining the surface acoustic wave filter concerning 
this invention. 

[Drawing 2] (a) is [ the B-B' line outline sectional view of drawing 1 and (c of the 
A-A' line outline sectional view of drawing 1 and (b)) ] the C-C line outline 
sectional views of drawing 1 . 

[Drawing 3] It is the diagram showing the electrical property of the surface 
acoustic wave filter of the conventional IIDT electrode mold. 
[Drawing 4] It is the diagram showing the electrical property of the surface 
acoustic wave filter of this invention. 

[Drawing 5] It is the diagram showing the relation between the electrode layer 

thickness ratio of the surface acoustic wave filter of various types, and the 

deflection in a band. 

[Description of Notations] 

1: A piezo-electric substrate 

2: IIDT electrode 

3: Skeleton pattern electrode 

4: Input electrode 



5: Earth electrode 
6: Input-side solid wiring section 
7: Earth side solid wiring section 
8: Insulator thin film 

9: The input electrode 1 of a skeleton pattern electrode 
10: The input electrode 2 of a skeleton pattern electrode 
1 1 : One electrode of a balanced output pair 
12: The electrode of another side of a balanced output pair 
S: Surface acoustic wave filter 
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